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MILK PROCESSING 
TECHNICAL Field 

This invention relates to a method of milk processing. Specifically, this invention 
relates to the on farm separation of milk components. 

5 Background Art 

In New Zealand, most dairy animals such as cows are generally milked twice daily, the 
milk being collected into a main storage vat before being transported in bulk to a milk 
treatment station. 

The milk is then processed into a range of products, including pasteurised milk, 
10 powdered milk, butter, cheese or milk derivatives. 

The production of butter and cheese results in large volumes of by-products such as 
whey which can be further processed on-site or transported to another specialist 
treatment station. A number of components can be fractionated from such milk by- 
products including carbohydrates, whey protein bioactives such as lactoferrin and so 
15 forth. 

However, the standard processing of milk and milk by-products thus results in high 
transport and handling costs associated with processing such large volumes of milk. 

Further, due to the time delay between the collection of milk on farm and its 
subsequent processing off site, milk proteins such as bioactives may be subjected to 
20 i^oteolytic degradation by enzymes such as proteases, or may be inactivated or lose 
activity through a number of other interactions. 

The act of transporting and processing the milk may also denature a number of 
bioactive proteins through the physical handling or heating of the liquid. 
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To attempt to overcome some of these problems, NZ280724 disclosed a process for the 
isolation of endogenous milk proteins by on farm processing of milk using standard 
separation techniques such as chromatographic resins. 

Such processes were useful in the separation of bioactive proteins in the minimum 
amount of time, ensuring minimal degradation or loss of activity of the bioactive 
proteins. 

However, while these methods work well in an experimental situation, the volume of 
milk collected during a standard milking often meant such standard separation 
techniques were not optimal. 

Chromatographic resins are primarily designed to process small volumes of liquid, 
usually at low flow rates to ensure good component separation. Increasing the flow 
rate not only reduces the degree of separation but may damage the resin or 
chromatographic column. As large amounts of resin would be required to cope with 
normal milking volumes without overloading, these techniques may be prohibitively 
expensive. 

All references, including any patents or patent applications cited in this specification 
are hereby incorporated by reference. No admission is made that any reference 
constitutes prior art. The discussion of the references states what then- authors assert, 
and the applicants reserve the right to challenge the accuracy and pertinency of the 
cited documents. It will be clearly understood that, although a number of prior art 
publications are referred to herein, this reference does not constitute an admission that 
any of these documents form part of the common general knowledge in the art, in New 
Zealand or in any other country. 

It is acknowledged that the term ^comprise' may, under varying jurisdictions, be 
attributed with either an exclusive or an inclusive meaning. For the purpose of this 
specification, and unless otherwise noted, the term ^comprise' shall have an inclusive 
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meaning - i.e. that it wiU be taken to mean an inclusion of not only the listed 
components it directly references, but also other non-specified components or 
elements. This rationale will also be used when the term 'comprised' or 'comprising* is 
used in relation to one or more steps in a method or process. 

5 It is an object of the present invention to address the foregoing problems or at least to 
provide the public with a useful choice. 

Further aspects and advantages of the present invention will become apparent from the 
ensuing description which is given by way of example only. 

DISCLOSURE OF INVENTION 

0 According to one aspect of the present invention there is provided a method for the on 
farm separation of at least one component from milk 

characterised by the steps of 

using an automated milking device to extract milk from at least one udder teat of a 
dairy animal, and 

passing the milk through a separation device to remove said component from the milk. 

According to another aspect of the present invention there is provided a method for the 
on farm separation of at least one component from the milk of a lactating dairy herd, 

characterised by the steps of 

allowing animals to freely enter a milking shed and be milked by an automated milking 
device, and 

passing the milk through a separation device to remove said component from the milk. 
The term "component" should be taken to mean any component present in the milk. 
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such as endogenous milk proteins, fats, enzymes, cells, ions, nucleic acids and so forth. 

Jn one preferred embodiment of the present invention the milk component separated is 
lactoferrin. However, this is given by way of example only and as such this should be 
seen as a limitation on the present invention in any way, 

5 The term "automated milking device" should bfe taken to mean any automated or 
robotic device designed to nulk a dairy animal. A range of automated and robotic 
milking systems are known in the art and could potentially be used in the present 
invention. For ease of reference throughout the specification, the automated device 
will herein be referred to as a robotic milking device, though this should not be seen as 
10 a limitation in any way. 

The term "milk" should also be taken to include colostrum or milk from late lactation 
as Well as milk from mid lactation or sub-fractions of milk taken during only as part of 
a milking. 

The term "dairy animal" will herein be referred to as a cow. However, this should also 
15 not be seen as a limitation for it is anticipated this method will also be applicable to 
other milking animals such as goats, sheep and so forth. 

The term "separation device" should be taken to mean a device utilising any separation 
technique known in the art, such as ultrafiltration, chromatographic separation, dialysis 
and so forth, or a combination of such techniques. Once again, these are given by way 
20 of example only and should not be viewed as limiting in any way. It is anticipated a 
range of separation techniques could be employed depending on the component of 
interest and that this would readily be understood by a skilled addressee. 

The separation device may be a modular cartridge type unit which incorporates a 
matrix for removing specific milk components. A number of different cartridges may 
25 be used, whereby milk from a given animal may be passed through a different cartridge 
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to that of another animal. 

In situations where the separation device is able to separate a number of components 
substantially simultaneously, the elution of the components from the matrix will 
preferably also isolate the components from each other. 

5 In some embodiments of the present invention, the milk may be passed through a 
series of cartridges to remove a number of components from milk. 

Once the cartridge has processed a given volume of milk, it can be removed and 
substituted for a fresh cartridge. The removed unit can then be treated to remove the 
bound milk components, or stored in a refrigerated unit for subsequent coUection 
0 and/or processing. 

Preferably once the components have been eluted from the cartridge, the cartridge can 
be rechargeid, available for another separation. 

In New Zealand, herds arc typically milked twice daily in order to obtain maximum 
milk yields balanced with labour costs. As such, a large volume of milk is collected 
from each cow at each milking. 

In order to reduce the amount of time taken to milk the entire herd, a large number of 
individual stalls are often required to allow a number of animals to be milked 
substantially simultaneously. 

Previous on-farm separation methods disclosed by NZ 280724 were able to remove a 
number of targeted milk components, but whUe they worked well in experimental 
simation. the volume of milk required to be processed during standard twice daily 
milking presents a number of difficulties. 

The separation techniques utUised are limited in both the volume and also the rate at 
5^fc3ch milk can be processed at any one time. As such, this could result in long delays 
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during standard twice daily milking, and require large volumes of chromatographic 
resins to prevent overloading. 

In many situations it is thus desirable for components to be separated before milk 
enters the bulk milk line. The smaUer volume of milk needing to be processed ensures 
5 a better degree of component separation in the minimum amount of time, and also 
reduces the likelihood of the separation device being overloaded. 

To be effective however, separation devices thus need to be incorporated into each stall 
of a milking shed, which at present would make them prohibitively expensive for a 
standard on-farm situation. 

10 The advantage of robotic milking is that cows are milked throughout the day in smaU 
numbers, in contrast to the entire herd being riiilked at substantially the same time. 
While milking the entire herd together is usuaUy the most time efficient method of 
milkmg, it is both labour and resource intensive, not only in the total number of hours 
worked, but also the time of day the animals must be milked. 

By using a robotic milking device, cows arc able to be milked at any time of the day. 
A cow is able to freely enter a nulking shed a number of times during the day rather 
than waiting for the twice-daily milking, thus reducing the volume of milk taken from 
the cow at each milking and thus the amount needing to be processed at any one tinie. 

Further, as the whole herd is not being milked at once, only a Umited number of stalls 
and separation devices may be required. 

As the milking of the herd is thus staggered throughout the day, there is sufficient time 
to process each volume of milk and recharge the separation device before the next 
milking occurs. Alternatively, two or more separation devices could be installed, 
allowing one device to process a sample while the next animal is milking. As only 
small volumes of resm may be required, the cost of such separation techniques become 
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accessible to on-fann situations. 



( 



Further, as an operator is not required to be present at all times, there may be 
considerable savings in labour costs. 

Robotic milking also aUows individual udder sections to be milked. For example, 
5 lactoferrin is known to be produced in high levels in mastitic milk. As such, milk from 
a mastitic udder quarter could be passed through a separation device to remove the 
lactoferrin and/or contaminants such as somatic ceUs or antibiotics, allowing the 
remaining milk to be diverted back into the main milk flow or alternatively be directed 
to waste. 

10 As smaU volumes of milk at low flow rates are produced at any one time, more 
specialised extraction and fractionation systems may be used, improving the quantity 
and purity of the milk components separated. 

Robotic milking also allows a mixed herd of cows to be milked at once, whereby milk 
from cows known to produce high levels of lactoferrin may be processed through a 
15 separation device, while the milk hom cows with low levels of lactoferrin can be 
collected direct to the main milk storage vat. 

Animals may be identified by usual indicia, or alternatively by way of an electronic 

identifier or chip. 

In addition to separating endogenous bioactive components from milk, the method of 
20 the present invention will also be able to remove components unacceptable in milk. 
These include somatic cells, antibiotics, hormones and so forth. Cunently if milk is 
told to be contaminated with these components it is dumped, with the farmer being 
required to pay substantial penalties. 

The present invention can also be used to remove endogenous milk components from 
25 bovine milk (such as beta-lactoglobuUn and lactose) to make such milk acceptable to 
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consnmera with anergies to dairy products. 

Another application of the present invention includes the processing of mill, fio™ 
transgenic animals which produce a specific protein in their milk. As the protein of 
mterest is known, a specific separation device or protocol could be designed to isolate 
the protein of interest, without altering the standard milk composition. 

Early removal of bioactive milk components minimises the degradation of these 
components and any loss of activity that nsuaUy occurs during standaM mijk 
I»»oessing procedures. Farther, immediately isolating the compounds of interest 
.«luces fte amount of time the components may be subjected to enzymatic or 
10 microbial degradation whilst being stored. 

Tte present invenUon has sought ways to improve the on-farm separation of milk 
components by ulilisuig automated milking technology. 

BuiRi? ntif^m ^f^ np ^ T Y IT"-" 

aspects of the present invention will become apparent fiom the foUowing 
15 descdption which is given by way of example only and with reference to fl» 
accompanying drawings in which: 

Bisml Shows a diagrammatic layout of milk flow mto and out of a robotic 
■nilking staU in accordance with one prefened embodiment of the 

present invention; 

mme2 shows a diagrammatic layout of milk flow in accordance with another 
preferred embodiment of the present invention; and 

Sfiurel shows a diagrammatic layout of milk flow in accordance with a third 
preferred embodiment of the present invention. 
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Best MODRS for CAWRVnvr G OUT TRP TMVENnON 

Figure 1 shows the milk-flow into and out of a robotic milking stall (1). The milk is 
transferred from the cow (not shown) to a holding vessel (2), then either pumped out of 
the holding vessel (2) through to the separation device (3) or bypassed (4) around the 
i separation device (3). Then, the milk is transferred to a bulk holding tank (5). whilst 
the separated fraction is retained at the separation device (3). 

Figure 2 shows a schematic layout of a robotic milking staU (1) with two collection (2a 
and 2b) and separation devices (3a and 3b). whereby one device (2a and 3a) can be 
operating whilst the second (2b and 3b) is collecting milk from die next animal. This 
would be in the interest of higher fl^oughput. Alternatively, each device could place 
the first milk from one animal mto one coUection/separation unit (2a and 3a) and tiien 
later milk portions from the same animal into ti,e otiier (2b and 3b). This could be 
useful for components tiaat are higher in the later portions, such as lactoferxin. 
Alternatively, this device could place milk from one or more udder teats into different 
collection/separation muts. This could be usefiil for components that are higher in one 
quarter, such as a quarter having mastitis and. tirerefore. higher immunoglobulins. 

Anotiier variation on Figure 1 could be multiple separation devices (3), useful for 
separating multiple components from the same animal's milk, as shown by Figure 3. 

Aspects of tire present invention have been described by way of example only and it 
should be appreciated tirat modifications and additions may be made tirereto witirout 
departing from tire scope thereof. 

/nteK-...,.., p SHJSORTECUMITED 

nf::'-^'^' P'cpertv by flieir Attome 

^Ti,ce of ^'^^ / 

RSCEIVED 
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